Modernization of agricultural activities has strongly modified agricultural landscapes. Intensive agriculture, with the increased use of inorganic fertiliser and density of livestock, affects water quality discharging nutrients such as nitrogen and phosphorus in water bodies. Nutrients in rivers, subsequently, are excellent indicators to assess sustainability/land-use intensity in agroecosystems. Landscape, however, is a dynamic system and is the product of interaction amongst the natural environment and human activities, including farming which is a main driving force. At present not much has been investigated on the predictive role of landscape on land-use intensity. Aim of this study is to determine if, in Italian agroecosystem, landscape complexity can be related to land-use intensity. Indexes of landscape complexity (i.e. edge density, number of patches, Shannon's diversity index, Interspersion-Juxtaposition index) derived by processing Corine Land Cover data (level IV, 1:25.000) of Lazio Region, were related with landuse intensity (values of compounds of nitrogen and phosphorus and other parameters found in rivers monitored in accordance to European Directives on Waste Water). Results demonstrate that some landscape indexes were related to some environment parameters. Consequently landscape complexity, with further investigation, could be an efficient screening tool, at large scale, to assess water quality and ultimately agroecosystems sustainability in the absence of monitoring stations.
Introduction
Monitoring environmental quality of a territory is often complex as it includes the analysis of a great number of variables. The analysis of single components of the ecosystem can be made through indicators that, with different precision, can measure directly a specific parameter and indirectly an environmental state to which the parameter is linked. An indicator is a parameter, or a set of parameters, that gives information on the state of a phenomenon or of an area. The significance goes over the property directly associated to the value of the parameter itself (OECD 1993 ). An indicator needs to be a concise tool but at the same time it needs to be effective in the description. The validity of an indicator can be assessed by its accuracy, meaning the capacity to detect a specific parameter and by its efficiency, meaning the capacity to easily detect the parameter.
In all those areas where human manipulation for agricultural production overlays the natural ecosystem, originating the agroecosystem (Caporali, 2000) , agriculture practices can generate more or less impact according to the type of farming procedures undertaken (Altieri, 1995) ; the impact of the different agriculture practices on environment quality of agroecosystems is measured through different indicators. Water is one of the main renewable elements of agroecosystems, and rivers can be considered as the final basin, in time and space, of pressure and impacts of the surrounding terri- (Kristensen, 1994; Borgvang et al., 2000) . River pollution due to nitrogen compounds, such as NH 4 and NO 3 , and phosphorous, P, is an effect of intensive use of fertilizers and of the abundance of livestock. The higher the pressure of the agriculture system is on the environment, the higher is the presence of nutrients in rivers. Furthermore, when the disturbance of the field's margin in correspondence with the river's bank is higher, river pollution increases; due to absence of vegetation, in fact, there is a reduced uptake of nutrients before these can reach the river (Siligardi, 1997) . Consequently, values of nitrogen and phosphorous are the main indicators used to assess water quality in agroecosystems (Wascher et al., 2000) . Water quality, however, of a river body can be also assessed through biotic analysis.
In Italy the Legislative Decree 152/99 made compulsory the monitoring of river bodies so to assess the Water quality. Furthermore the Framework Directive 2000/60/EU points out the necessity of an ecosystem approach of river basin monitoring. Within the agroecosystem, the different agriculture management, the vegetation and the soil use affect the transformation of the landscape/territory. Landscape itself, in fact, can be considered as a representation of the complex interactions between anthropogenic activities and the natural environment (Farina, 2001; Battisti, 2004) . Complexity of landscape has been used to assess intensity of land use (Bunce et al., 1993; Roscherwitz et al., 2004 Roscherwitz et al., , 2005 and to measure water quality (Wiens, 2002; Kearns et al., 2005; Houlahan et al., 2004) . Furthermore, many reports and guidelines suggest the use of landscape metrics to measure environmental quality (AA.VV., 2000; Wascher et al., 2000; OECD, 2003 and 2004; EEA report, 2005) .
Aim of this preliminary study is to assess whether, in Italian agroecosystems, landscape metric can be associated directly to values of nutrients and of biotic indexes so to be used as an indirect indicator of environment quality in agricultural areas.
In particular this study aims to assess whether between landscape and the environmental quality of the water body: -there is a "minimal area" suitable to establish a direct relationship; -a more detailed definition of the landscape, therefore with an higher number of patch types, is more suitable to detect relationships; -some landscape indexes are more suitable then others to detect relationships. According to the answer obtained from the previous points, this study aims to verify if landscape metric can be used as an efficient indicator of environmental quality.
Materials and methods
Latium, in Central Italy, is the Italian Region chosen for this analysis. In Latium, agriculture is an important economic resource and most of its territory is characterised by conventional agricultural practices (Fig. 1) .
Within 52 sites, located on water bodies, where there is constant monitoring, according to the D.Lgs. 152/99, we chose 24 that had in the surrounding buffer zone of 3,000 metres the higher values of agriculture areas (measured with CORINE Land Cover-CLC). These 24 sites were the areas investigated for this study ( To assess the extent of a "minimum monitoring area" capable of measuring the relation between landscape and environmental quality of the water body, two different buffer areas, around the monitoring station, were analysed: one within 1,000 m and one within 3,000 m of radius.
To assess whether a more detailed definition of the landscape is more suitable to detect the relation between landscape and environmental quality of the water body, both buffers were analysed with the Level 1 and 3 of CLC.
The different landscape indexes used in this study are shown in Table 3 .
Consequently, each of the 24 sites was associated with different landscape indexes and different environmental parameters and indexes. To determine which landscape parameter is more capable to detect the environmental quality of the water body, excluding the causeeffect relationship, values of landscape metric and environmental data were correlated. Validity of this approach was assessed by the numbers of correlations for each landscape index and values of correlation coefficient. Data were tested with the Pearson correlation (r) for the chemical-physical parameters that are on a continuous scale and with the Spearman correlation (rs) for the environmental indexes that are in classes. Correlation was considered medium (M) for coefficient included between ± 0.3 and ± 0.45 and high (H) with coefficient greater than ± 0.45.
Results
Results from the correlation between landscape indexes and environmental quality of the water bodies are shown in Table 4 .
In particular, most of the correlations present were medium; the 3,000 m radius buffer had a greater number of correlation compared to the 1,000 m buffer; the 1 st level CLC had slightly higher number of correlations compared to the 3 rd level; the landscape indexes SDI and Table 3 . Landscape indexes used in the study.
CODE Description Range

LSI
It provides a simple measure 1 = when the buffer consists of a single square Landscape Shape Index of class aggregation or or maximally compact patch of the corresponding type clumpiness LSI increases without limit as the patch type becomes more disaggregated (i.e., the length of edge within the landscape of the corresponding patch type increases) SDI It's a measure of the number 0 = when the buffer contains only 1 patch Shannon's Diversity Index of patch types in the landscape It increases as the number of different patch types increases and/or the proportional distribution of area among patch types becomes more equitable SEI It's a measure of the 0 = when the buffer contains only 1 patch and Shannon's Evenness Index distribution of area among different patch types in the landscape approaches 0 as the distribution of area among the different patch types becomes increasingly uneven 1 = when distribution of area among patch types is perfectly even (i.e., proportional abundances are the same)
ED
It reports edge length on 0 = when there is no class edge in the landscape; Edge density a per unit area basis that that is, when the entire buffer and buffer border facilitates comparison consist of the corresponding patch type and the user among landscapes of specifies that none of the buffer boundary and varying size background edge can be treated as edge TE Total edge at the class level 0 = when there is no class edge in the buffer; that is, Total Edge is an absolute measure of when the entire buffer and buffer border consists of total edge length of a the corresponding patch type and the user specifies particular patch type or that none of the buffer boundary and background all the patches in the edge be treated as edge landscape (continued) SEI had higher numbers of correlations in particular with NH 4 , NO 3 and P.
IBE was associated only once in the 3,000 m buffer at the 1 st level.
Discussion
As shown in other studies already mentioned in this paper, this study also shows presence of correlation (which does not imply causation) between landscape indexes such as SDI and SEI and the chemical-physical parameters such as NH 4 , NO 3 and P, which are usually used as indicators of land use pressure in agroecosystems.
The indexes SDI and SEI are commonly used to characterise species diversity and evenness in biotic communities and are also used to quantify landscape diversity. The first index is a measure of relative patch diversity, or the proportional abundance of each patch type within the landscape, while the latter is a measure of patch distribution and abundance, or the measurement of the distribution of areas among patch types within the landscape.
In river bodies within agroecosystems, large values of chemical-physical parameters are associated with large values of SDI and SEI. The analysis of other landscape indexes (such as NUMP, TE and ED) showed that the presence of many small patches was associated with environmental parameters. A 1,000 m-radius buffer is not sufficient to detect solid relationship between landscape and the environmental quality of the water body while there is no need of a detailed definition of the landscape as analysis of the 1 st level of CLC is sufficient to detect possible relationships.
Numbers of correlations and values of coefficient remain however low, and this could be due to the fact that, due to the absence of longterm monitoring, an average of only 3 years of monitoring may not be sufficient to properly represent the water quality. Furthermore, values of monthly monitoring could easily be influenced by the seasonal flows. According to our preliminary study, at present, landscape metrics only partially can efficently describe water quality within agroecosystems and could just be useful as an initial screening tool in the absence of
